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We, William Cull, a British Subject, and 
Unipower Rzeppa Limited, a Company 
registered in Great Britain, both of Rzeppa 
Works, Moorhead Lane, Shipley, Yorkshire, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 

This invention relates to torque transmitting 
universal joints of the constant velocity ratio 
type in which the torque is transmitted through 
a series of balls engaged in meridian race 
grooves in a spherical or partly spherical inner 
15 member on one of the drive elements and in a 
hollow spherical or partly spherical outer mem- 
ber on the other drive element of the joint, 
and in which a cage for locating the balls is 
positioned between the two members. 
20 In joints of the above type it is essential that 
the resultant or intersection of force lines pass- 
ing through the contacts of the balls with their 
race tracks should, under all conditions, lie in 
a critical plane containing the nodal point of 
25 the joint and also bisecting the angle between 
the drive elements or shafts. In previously 
known joints of the type referred to this 
requirement has been met by the provision of 
means for controlling the position of the ball 
30 cage in accordance with the variable angle of 
the drive elements or shafts. In a well known 
form of joint the required control is effected by 
a pin or lever guided in one of the drive ele- 
ments and having a spherical seating in the 
35 end of the other drive element, the said pin or 
lever having at an intermediate point in its 
length a spherical seating engagement with a 
continuation of the ball cage for positioning 
the latter in accordance with the angle between 
40 the driving elements. It has also been proposed 
to provide a joint of the type referred to in 
which the ball tracks are grooves of the same 
radius as the ball and the longitudinal curva- 
tures of the inner and outer race grooves are 
45 respectively concentric with spaced points lying 
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on the axis of the joint shaft. In these known 
constructions due to the ball tracks having sub- 
stantially the same radius as the ball, the con- 
tact areas take the form of half an ellipse with 
its minor axis (the point of maximum loading) 50 
at the race groove margin. Thus the balls are 
subject to undesirable shear and the tracks to 
edge loading. 

It is an object of the present invention to 
provide an improved joint of the type referred 
to in which the required positioning of the 
plane containing the balls is effected in a satis- 
factory manner without the necessity of pro- 
viding controlling or pilot devices for the ball 
cage, and in which the balls are in pure 
compression. 

The invention comprises a joint of the type 
referred to having meridian race grooves of a 
cross section such as to provide localized con- 
tact areas with the balls lying in a path inward 
of the meridian race groove margins to afford 
a suitable pressure angle, the roots of the said 
grooves lying out of ball contact or being 
absent, in which the shaping of the grooves is 
such that the mating pitch paths cross and the 
groove flank contact lines of the inner and 
outer tracks converge, when tie drive elements 
of the joint are aligned, at an angle which is 
greater than twice tine angle of friction for the 
balls and tracks, and the contact areas between 75 
the balls and the race grooves lie out of the 
critical plane containing the intersection of the 
axes of the drive elements which bisects the 
angle between the said axes to provide a force 
derived from the transmission torque for posi- 80 
tioning the balls in the required relation to the 
angle between the drive elements or shafts. 

The invention also comprises a joint as 
defined in the preceding paragraph in which 
the mating tracks of die inner and outer 
grooves are respectively formed from two 
centres symmetrically located at equal distances 
from the joint centre and so displaced that the 
contact lines of the balls with the mating tracks 
lie on the projected surface of a cone the apex 
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angle of which is twice that of the pressure 
angle selected, and die lod of the tracks, being 
on the base circle of the said cone. 
In one possible arrangement according to 
5 the invention the form of the race grooves is 
such that the two mating track contact lines 
converge at an angle of something greater than 
11° when the drive elements or shafts are 
aligned. 

10 The cross sectional form of the race grooves 
may conveniently be such that when a ball of 
correct size is fitted into the mating tracks the 
contact line passing through the tracks and the 
ball makes a pressure angle of 45° with the 

15 normal, but this pressure angle may be varied 
as desired to suit particular conditions. The 
term pressure angle may be conveniently 
denned as the angle between the line of pres- 
sure through the ball and tracks and a line 

20 passing through the centre of the ball and being 
radial to the ball pitch circle,when this is pro- 
jected into the critical plane which contains 
the intersection of the axes of Ihe drive ele- 
ments or shafts (i.e, the nodal point of the joint) 

25 and also bisecting the angle between the said 
axes. 

The cross section of the race grooves may 
take various forms to afford the required con- 
tact between the balls and the tracks on which 

30 they run. Thus for example these tracks may 
comprise flat portions which are normal to the 
pressure line and extend a sufficient distance on 
both sides thereof. It is generally preferred 
however to provide tracks which are arcuate 

35 in cross section, the radius of curvature being 
greater than that of the ball but otherwise of 
any desired curvature. Thus the arcs may be 
circular arcs if desired, but in practice it is 
generally preferred to employ tracks which" in 

40 cross section are parts of an ellipse, and in a 
convenient form of construction the grooves are 
of half elliptical form in cross section with the 
major axis of the ellipse disposed radially of 
the joint The ratio of conformity of the race 

45 tracks to the ball radius may conveniently be 
of the order of 1.02. With such an arrange- 
ment the contact areas of the balls on the flank 
tracks take the form of small ellipses and the 
path of these contacts always lies inwardly of 

30 the margins of the race grooves. 

In the accompanying drawings: — 
Figure 1 is a longitudinal section of a 
universal joint constructed in accordance with 
the invention; 

55 Figure 2 is a cross section of the joint on 
the line X— X of Figure 1; 

Figure 3 is a diagrammatic end view of the 
inner and outer race grooves with balls therein, 
showing the geometry of the track ellipses, con- 

60 formity, and contact; 

Figures 4, 5 and 6 are diagrams showing 
the manner in which the centres from which 
the mating tracks of the inner and outer race 
grooves are formed. 
65 In carrying the invention into effect accord- 



ing to one convenient mode as shown in 
Figures. 1 and 2, there is provided a constant 
velocity ratio type torque transmitting joint 
comprising outer and inner race members 1 and 

2 formed on or attached respectively to shafts 70 

3 and 4. The inner member. 2 has a partly 
spherical surface 5, and end faces 6 and 7 per- 
pendicular to its shaft axis. The outer member 
1 is hollow and has an internal surface 8 of 
partly spherical form centred at the nodal point 75 
9 containing the outer meridian ball race 
grooves 10 and is integral with its shaft 3. The 
intersection 9 of the two shaft axes is the 
centre or nodal point of the joint. The outer 
member race grooves 10 preferably terminate 80 
towards one end in clearance pockets 11 which 
facilitate groove grinding and also assist in the 
assembly of the balls in the grooves. In a clear- 
ance 12 between the spherical surfaces of the 
inner and outer members of the joint a cage 13 85 
is located having slots or apertures for the 
reception and location of torque transmitting 
balls 14 which on one side engage the inner 
race grooves 15 and on the other side the outer 
race grooves 10. The cage has partly spherical 90 
external and internal surf aces concentric to each 
other which coact with an annular surface 8 

of partly spherical form on the outer member 
1 and a partly spherical surface 5 on the inner 
member 2, the spherical centre of the cage 95 
being the centre or nodal point 9 of the joint. 

The cross sections of the meridian race 
grooves are cut or ground to somewhat less 
than half an ellipse with its common major axis 
lying radially of the joint. This is seen in 1W 
Figure 3 where the outer track 10 and the inner 
track 15 are shown radially separated for 
greater clarity. The common major axis is 
shown at 18, the ball centre being at 19. The 
minor axis 20 for the inner groove 15 lies 105 
above the ball centre while the minor axis 21 
for the outer groove 10 lies below such centre. 
The evolute of the outer track ellipse is shown 
at 22 and the evolute of the inner track ellipse 
is shown at 23. A suitable pressure angle (Pa HO 
in the figures) for the balls is predetermined 
and in the present example this angle is to be 
assumed as 45°. The major arcs of the ellipse, 
at the point of the contact with the ball, are 
struck from centres 24 and 25 respectively 115 
(Figure 3) lying on the 45° pressure hne 26, 
at a point where the pressure line is tangent to 
the evolute of the ellipse. The radius of the arc 

d 

(r c o or r c i) is greater than the radius — 

2 

of the ball by the desired conformity. The 120 
formation of these cross-sectional grooves is 
such that the major arcs constitute flanking 
tracks within which the ball contacts lie, while 
the minor arcs of the ellipse are disposed at the 
roots of the race grooves and are out of con- 125 
tact with the balls. In some constructions these 
root portions of the grooves may be omitted. 
The ratio of conformity of the race tracks to the 
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ball radius may conveniently be 1.02, i.e. at 
the point of contact the radius of the track is 
1.02 times the ball radius. This figure may be 
varied in practice to maintain the condition 

5 that the small contact areas of the balls do not 
approach too near to or overlap the margins of 
the race grooves. The balls and grooves are 
proportioned so that a small clearance exists on 
the sides away from the ball contacts when die 

10 joint is under torque. The contact areas of the 
balls on the flanks of the tracks when under 
pressure take the form of small ellipses 27 
(shown exaggerated in Figure 3) and the path 
of these contacts always lies inwardly of the 

15 margins of the race grooves so that the pres- 
sure developed does not operate to displace the 
material at the groove edges. Instead of being 
elliptical the tracks may have other forms, e.g. 
including portions flat in cross section, to pro- 

20 vide small ball contact areas disposed as 
described above. 

In order to provide a controlling or steering 
force on the balls and ball cage which will 
position them accurately with respect to the 

25 angle between the shafts when the latter are 
either aligned or inclined at a small angle, it is 
necessary that the mating pitch paths of the 
inner and outer tracks should be crossed and 
the groove flank contact lines (or instantaneous 

30 tangents) should converge when the shafts are 
in alignment, at an angle which is greater than 
the angle of friction of the balls and tracks. 
The angle of friction is determined by experi- 
ence, being dependent upon the nature of the 

35 materials of the balls and track. It will be 
assumed for the purpose of this example that 
the angle of friction is 5° in which case the 
required steering force to position the tells will 
be provided when the angle of crossing of the 

40 pitch paths (or flank contact convergence) is 
11° 28'. This angle is twice an arbitrary angle 
5° 44' selected as being acceptably greater 
than the angle of friction assumed above. In 
order to fulfil the conditions of mating pitch 

45 path crossing referred to above it is necessary 
to determine particular centres from which the 
mating tracks of the inner and outer grooves 
are respectively formed, and this may be con- 
veniently explained graphically in the follow- 

50 ing manner with reference to Figures 4, 5 and 
6. Having determined a suitable pressure angle, 
e.g. 45\ a cone 28 is drawn with die centre 19 
of the ball as its apex and with an apex angle 
of twice the pressure angle, the base 29 (a c) of 

55 the cone being horizontal and having midway 
thereof the centre or nodal point 9 of the joint 
This cone 28 will be referred to as the pressure 
angle cone. The cone is then projected in the 
direction of the arrow E at an angle equal to 

60 the pressure angle, i.e. 45° so that its base 
appears as an ellipse 30 passing through the 
centre of the ball, the centrre or nodal point 9 
of the joint appearing centrally in the ellipse 
30. To obtain the required control or steering 

65 of the balls their contacts with the inner and 



outer tracks must lie on inclined straight lines 
31 and 32 passing through the ball centre as 
viewed in the diagram projected as above. Also 
the controlling force on the ball and cage 
assembly must always be greater than the load 70 
passing through the ball centre multiplied by 
the coefficient of friction. If the angle of fric- 
tion is 5° as previously assumed the angle 5° 
44' will be the angle w which is half the 
required angle (convergence angle) between the 75 
inclined lines referred to above passing through 
the two track contact points of the ball which 
intersect the projected cone base circle 30 at 
two points shown at <h and a* It is then neces- 
sary for generation of the tracks to determine 80 
the polar co-ordinate of points <k and a* in the 
plane containing the base circle of the pres- 
sure angle cone and a plane normal thereto 
containing the centre of the joint and ball A 
convenient method is to determine an auxiliary 85 
angle O through which the locus of the pitch 
path must revolve around the base circle of 
the pressure angle cone as follows : — 

Kd Sec P A Sin o> 

Sin Q= 

Kd Tan P A 

It is assumed that the pressure angle 90 
P A =45°; J=l; K=1.65; and u>=5° 44', this 
gives the auxiliary angle Q as 8° 7'. In this 
way the offset of the tracks and consequently 
the two points <h and Oo on the base circle can 
be determined as shown in Figure 4, these 95 
being the generating loci of instantaneous 
curvature of the inner and outer tracks to give 
the required track convergence. K is an 
arbitrary design constant, being the ratio ball 
pitch circle radius to ball diameter. 100 

Referring to Figure 5, which is a true pro- 
jection of the pitch cone surface, the arcs 39 
and 40 representing the pitch paths can be 
struck from the centres % <k and a* respectively, 
and these arcs represent the instantaneous 105 
curvature of the track centre lines. In Figure 
4, the lines 33 and 34 represent instantaneous 
tangents to the groove flank ball contact paths 
and converge at an angle of 11 0 28', which is 
more than twice the angle of friction of the 110 
balls and tracks. The true track convergence 
angle, which is 2u>, is indicated at 35. 

Figure 6 is a plan view of the pressure angle 
cone of Figure 4 and shows a cage window 36 
in which the ball is located. The diameter of 115 
the ball is indicated at 37 and the ball contact 
circle at 38. The inner track flank is indicated 
at 33, and the outer track flank at 34. It is to 
be noted that due to the track convergence, a 
driving torque in the direction of the arrow T 120 
will produce a component of force Tc on the 
cage and will thus positively steer the balls and 
cage into the correct position, which is one 
which bisects the angle between the shafts of 
the joint 125 

It will be seen from the foregoing that the 
distance between the generating loci q and 4, 
and the ball centre are equal at all shaft angles . 
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and that arcs (39, 40) struck fmm these centres balls lying in a path -inward of the meridian 55 

through the ball centre will represent the race groove margins to afford a suitable pres- 

instantaneous pitch paths of the inner and outer sure angle, the roots of the said groove lying 

tracks respectively and will be crossed at the out of ball contact or being absent, in which the 

5 required angle as previously defined. It will be shaping of the grooves is such that the mating 

understood that the figures given above are by pitch paths cross and the groove flank contact 60 

way of example only and may be varied accord- lines of the inner and outer tracks converge, 

ing to circumstances. However, the crossing or when the drive elements of the point are 

convergence angle 2w of the mating track con- aligned, at an angle which is greater than twice 

10 tact lines should not greatly exceed that neces- the angle of friction for the balls and tracks, 
sary to afford the desired controlling force on and the contact areas between the balls and the 65 
the balls and cage when die shafts are aligned, race grooves lie out of the critical plane con- 
Experience leads to a limiting value of 2.4 taining the intersection of the axes of the drive 
times the angle of friction, bearing in mind the elements which bisects the angle between the 

15 fact that the controlling force increases with said axes to provide a force derived from the 

increase of shaft angularity, and that at shaft transmission torque for positioning the balls in 70 

inclinations greater than about 11° an addi- the required relation to the angle between the 

tional controlling force is not theoretically drive elements or shafts, 
required. 2. A joint as claimed in Claim 1, in which 

20 By this invention there is provided a con- the mating tracks of the inner and outer grooves 

stant velocity torque transmitting joint in which are respectively formed from two centres sym- 75 

the ball and cage assembly is positively con- metrically located at equal distances from the 

trolled or steered by a force derived from the joint centre and so displaced that the contact 

torque into the required angle at all times, and lines of the balls with die mating tracks lie on 

25 particularly when the shafts are aligned or the projected surface of a cone the apex angle 

inclined at a small angle. Also by the use of of which is twice that of the pressure angle 80 

ball race grooves of the cross sectional forma- selected, and the loci of the tracks being on the 

tion described the contact area of the ball with base circle of the said cone, 
its tracks can be controlled and by suitable 3. A joint as claimed in Claim 1 or 2, in 

30 design the mean pressure in the ball contact "which the form of the race grooves is such that 

area can be adjusted to any desired value, the two mating track contact lines converge at 85 

Whilst the pressure angle of the balls and tracks an angle greater than 11° when the drive ele- 

can be varied, a further advantage is obtained ments or shafts are aligned, 
by employing a pressure angle in the neigh- 4. A joint as claimed in Claim 1, 2 or 3, in 

35 bourhood of 45° in that the inner ball race is which the cross sectional form of the race, 

self-centering within limits, so that the load is grooves is such that when a ball of correct size 90 

distributed equally between the balls. In a con- is fitted into the mating tracks die contact line 

venient arrangement six balls are provided. It * passing through the tracks and the ball makes a 

will also be appreciated that the ratio between pressure angle of 45° with the normaL. 

40 rolling and sliding of die balls can be deter- 5. A joint as claimed in any one of the pre- 
mised by the selection of the pressure angle. ceding claims, in which the tracks are arcuate 95 

From Figure 4 it will be seen that the ball in cross section, the radius of their curvature 

contacts 31a and 316 with the outer and inner being greater than that of the ball, 
race grooves respectively lie out of the critical 6. A joint as claimed in Claim 5, in which 

45 plane 31c containing die intersection of the the cross sections of the tracks are parts of an 

axes of the drive elements which bisects the ellipse, with the major axis of the ellipse dis- 100 

angle between the said axes, by a distance posed radially of the joint 

. ^ 7. A joint as claimed in any one of the pre- 

which is equal to — sin w, and that the angle ceding claims, in which the ratio of conformity 

2 of the radius of die race tracks to the ball 

subtended by the lines 31 and 32 containing radius is of the order of 1.02. 105 

50 these contacts, indicated at 31i is 180°— 2u>. 8. A universal joint substantially as herein- 

WHAT WE CLAIM IS:— before described with reference to the accom- 

1. A joint of the type referred to having panying drawing, 
meridian race grooves of a cross section such 

as to provide localized contact areas with the MARKS & CLERK. 

PROVISIONAL SPECIFICATION 

Improvements in and relating to Torque Transmitting 

Universal Joints 

We, William Cull, a British Subject, and Works, Moorhead Lane, Shipley, Yorkshire, do 
115 Unipower Rzeppa Limited, a Company hereby declare this invention to be described in 
. registered in Great Britain, both of Rzeppa the following statement : — 
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This invention relates to torque transmitting from the joint centre and so displaced that the 

universal joints of the constant velocity ratio contact lines of the balls with the mating 

type in which the torque is transmitted through tracks lie on the projected surface of a cone 

a series of balls engaged in meridian race the apex angle of which is twice that of the 

5 grooves in a spherical or partly spherical inner pressure angle selected, and the loci of the 70 

member on one of the drive elements and in a tracks being on the base circle of the said cone, 
hollow spherical or partly spherical outer mem- In one possible arrangement according to 

ber on the other drive element of the joint, and the invention the form of the race grooves is 

in which a cage for locating the balls is posi- such that the two mating track contact lines are 

10 tioned between the two members. ciossed at an angle of something greater than 75 

In joints of the above type it is essential 11° when the drive elements or shafts are 

that the contacts of the balls with their race aligned. 

tracks should under all conditions lie in a The cross sectional form of the race grooves 

critical plane containing the nodal point of the may conveniently be such that when a ball of 

15 joint and also bisecting the angle between the correct size is fitted into the mating tracks the go 

drive elements or shafts. In previously known contact line passing through the tracks and the 

joints of the type referred to this requirement ball makes a pressure angle of 45° with the 

has been met by the provision of means for normal, but this pressure angle may be varied 

controlling the position of the ball cage in as desired to suit particular conditions. The 

20 accordance with the variable angle of the drive term pressure angle may be conveniently 35 

elements or shafts. In a well known form of defined as the angle between the line of pres- 

joint the required control is effected by a pin sure through the ball and tracks and a line tan- 

or lever guided in one of the drive elements gential to the ball pitch circle when this is 

and having a spherical seating in the end of the projected into the critical plane which contains 

25 other drive element, the said pin or lever hav- the intersection of the axes of the drive ele- 90 

ing at an intermediate point in its length a ments or shafts (i.e. the nodal point of the 

spherical seating engagement with a continua- joint) and also bisecting the angle between the 

tion of the ball cage for positioning the latter said axes. 



in accordance with the angle between the driv- The cross section of the race grooves may 
ing elements. It has also been proposed to pro- take various forms to afford the required con- 
vide a joint of the type referred to in which the tact between the balls and the tracks on which 
ball tracks are grooves of the same radius as they run. Thus for example these tracks may 
the ball and the longitudinal curvatures of the comprise flat portions which are normal to the 

a sufficient distance 



inner and outer race grooves are respectively pressure line and.__ ~ m 

35 concentric with spaced points lying on the axis on both sides thereof. It is generally preferred \qq 

of the joint shaft however to provide tracks which are arcuate 

It is an object of the present invention to in cross section, the radius of curvature being 



that of the ball but otherwise of 



105 



provide an improved joint of the type referred gu ™ „^ _ 

to in which the required positioning of the any desired curvature. Thus the arcs may be 

40 plane containing the balls is effected in a satis- circular arcs if desired, but in practice it is 

factory manner without the necessity of pro- generally preferred to employ trades which in 

viding controlling or pilot devices for the ball cross section are parts of an ellipse, and in a 

cage. convenient form of construction the grooves are 

The invention comprises a joint of the type of half elliptical form in cross section with the 

45 referred to having meridian race grooves of a major axis of the ellipse disposed radially of no 

cross section such as to provide localized con- the joint The ratio of conformity of the race 

tact areas with the balls lying in a path inward trades to the ball radius may conveniently be of 

of the meridian race groove margins to afford the order of 1.02. With such an arrangement 

a suitable pressure angle, the roots of the said the contact areas of the balls on the flank 

50 grooves lying out of ball contact or being tracks take the form of small ellipses and the 115 

absent, in which the shaping of the grooves is path of these contacts always lies inwardly of 

such mat the mating pitch paths or the track the margins of the race grooves, 

contact lines of the inner and outer tracks are In carrying the invention into effect au^.u- 

crossed, when the drive elements of the joint ing to one convenient mode, described by way 

55 are aligned, at an angle which is greater than of example, there is provided a constant 120 

the angle of friction for the balls and tracks to velocity ratio type, torque transmitting joint 

provide a force derived from the transmission comprising inner and outer race members 

torque for positioning the balls in the required formed on or attached to shafts. The inner 

relation to the angle between the drive elements member has a partly spherical surface and end 

60 or shafts. faces perpendicular to its shaft axis. The outer 125 

The invention also comprises a joint as member is hollow and has an internal surface 

defined in the preceding paragraph in which of partly spherical form centred at the nodal 

the mating tracks of die inner and outer point containing the outer mereidian ball race 



grooves are respectively formed from two grooves and is integral with a shaft The inter- 
65 centres symmetrically located at equal distances section of the two shaft axes is the centre or 130 
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nodal point of the joint The outer member race tracks should be crossed, when the shafts are 

grooves preferably terminate towards one end in alignment, at an angle which is greater than 

in clearance pockets which facilitate groove the angle of friction of the balls and tracks, 

grinding and also assist in the assembly of the The angle of friction is determined by experi- 

5 balls in the grooves. In a clearance between the ence, being dependent upon the nature of the 70 

spherical surfaces of the inner and outer mem- materials of the balls and track. It will be 

bers of the joint a cage is located having slots assumed that for the purpose of this example 

or apertures for the reception and location of that die angle of friction is 5° in which case 

torque transmitting balls which on one side the required steering force to position the balls 

10 engage die inner race grooves and on the other will be provided when the angle of crossing of 75 

side the outer race grooves. The cage has the pitch paths (or convergence) is 11° 28'. In 

pardy spherical external and internal surfaces order to fulfil die conditions of mating pitch 

concentric to each other which coact with an path crossing referred to above it is necessary 

annular surface of pardy spherical form on the to determine particular centres from which the 

IS outer member and a pardy spherical surface mating tracks of the inner and outer grooves 80 
an the inner member, the spherical centre of the are respectively formed, and this may be con- 
cage being the centre or nodal point of the veniendy explained graphically in the follow- 
joint. ing manner. Having determined a suitable pres- 
The cross sections of the meridian race sure, angle, e.g. 45°, a cone is drawn with the 

20 grooves are cut or ground to somewhat less centre of the ball as its apex and with an apex 85 

than half an ellipse with its common major angle of twice the pressure angle, the base of 

axis lying radially of the joint The minor one cone being horizontal and having mid-way 

axis for the inner groove lies above the ball thereof the centre or nodal point of the joint, 

centre while the minor axis for the outer groove This cone will be referred to as the pressure 

25 lies below such centre. A suitable pressure angle cone. The cone is then projected at an 90 

angle, for the balls is predetermined and in angle equal to the pressure angle, i.e. 45°, so 

die present example, this angle is to. be that its base appears as. an ellipse passing 

assumed as 45°. The major arcs of the ellipse through the centre of the ball, the centre of the 

are struck from centres lying on the 45° pies- joint appearing centrally in the ellipse. To 

30 sure line with a radius greater than that of the obtain the required control or steering of the 95 

balls. The formation of these cross-sectional balls their contacts with die inner and outer 

grooves is such that, the major arcs constitute tracks must lie on inclined straight lines pass- 

flanking tracks within which the ball contacts ing through the ball centre as viewed in the 

lie, while the minor arcs of the ellipse are dis* diagram projected as above. Also the control- 

35 posed at the roots of the race grooves and, are ling force on the ball and cage assembly must 100 

out of contact with the. balls. In some construe- always be greater than the load passing through 

tions these root portions of the grooves may die ball centre multiplied by the coefficient of 

be omitted. The ratio of conformity of the friction.-If the angle of friction is 5° as pre- 

race tracks to die ball radius may con- viously assumed tie-angle 5° -44' will be the 

40 veniendy be 1.02,. Le. at the point of contact angle m which is half the required angle (con- 105 

the radius of the , track is 1.02 times the ball vergence angle) between the inclined lines 

radius. This figure may be varied in practice referred to above passing through the two track 

to maintain the condition that the small con- contact points of the ball which intersect the 

met areas of the balls do not approach too near projected cone base circle at two points 

45 or overlap the margins of the race grooves, referred to as a* and a«. It is then necessary for 110 

The balls and grooves are proportioned so that generation of the tracks to determine the polar 

a small clearance exists on the sides away from co-ordinate of points d and a* in the plane 

the ball contacts when the joint is under torque, containing the base circle of the pressure angle 

Hie contact areas of the balls on the flanks cone and a plane normal thereto containing the 

50 of the tracks when under pressure rake the form centre of die joint and ball. A convenient 115 

of small ellipses and the path of these contacts method is to determine an auxiliary angle O 

always lies inwardly of the margins of the race through which the locus of the pitch path must 

grooves so that the pressure developed does revolve around the base circle of the pressure 

not operate to displace the material at the angle cone as follows: — 

55 groove edges. Instead of being elliptical the Kd Sec ? k Sin u 

tracks may have other forms, eg. including Sin 0= : — ■ — 120 

portions fiat in cross section, to provide small Kd Tan P x 

ball contact areas disposed , as described above. If it is assumed that the pressure angle 

In order to provide a controlling or steering P>= r 45°; K=1.65; and u—5° 44', this 

60 force on the balls and ball cage which will gives the auxiliary angle H as 8° 7'. In this way 

position them accurately with respect to the the offset of the tracks and consequendy the 

angle between the shafts when the latter are two points a x and 4, on die base circle can be 125 

either aligned or inclined at a small angle, it is determined, these being the generating loci of 

necessary that the mating pitch paths or the the inner and outer tracks to give the required 

65 tracks contact lines, of the inner and outer track convergence. The distances between the 



810,289 



generating loci and the ball centre are equal at 
all shaft angles and arcs struck from these 
centres through the ball centre will represent 
the pitch paths of the inner and outer tracks 

5 respectively and be crossed at the required 
angle as previously defined. It will be under- 
stood that the figures given above are by way 
of example only and may be varied according 
to circumstances. However the crossing con- 

10 vergence angle 2w of the mating track contact 
lines should not greatly exceed that necessary 
to afford the desired controlling force on the 
balls and cage when the shafts are aligned. 
Experience leads to a limiting value of 2.4 

15 times the angle of friction, bearing in mind the 
fact that the controlling force increases with 
increase of shaft angularity, and that at shaft 
inclinations greater than about 11° an addi- 
tional controlling force is not theoretically 

20 required. 

By this invention there is provided a con- 
stant velocity torque transmitting joint in 



which the ball and cage assembly is positively 
controlled or steered by a force derived from 
the torque into the required angle at all times, 25 
and particularly when the shafts are aligned or 
inclined at a small angle. Also by the use of 
ball race grooves of the cross sectional forma- 
tion described the contact area of the ball with 
its tracks can be controlled and by suitable 30 
design the mean pressure in the ball contact 
area can be adjusted to any desired value. 
Whilst the pressure angle of the balls and 
tracks can be varied, a further advantage is 
obtained by employing a pressure angle in the 35 
neighbourhood of 45° in that the inner ball 
race is self-centering within limits, so that the 
load is distributed equally between the balls. In 
a convenient arrangement six balls are pro- 
vided. It will also be appreciated that the ratio 40 
between rolling and sliding of the balls can be 
determined by the selection of the pressure 
angle. 

MARKS & CLERK 
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COMPLETE SPECIFICATION 

This drawing is a reproduction of 
the Original on a reduced scale. 
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